Background The risk of major complications and revision arthroplasty after TKA in patients who previously underwent multiligament knee surgery have been poorly characterized. Questions/purposes Is multiligament knee surgery before TKA associated with (1) worse implant survival, (2) increased use of TKA design constraint, (3) a greater risk for major complications, and (4) poorer scores for pain and function compared with similar patients receiving TKA for primary osteoarthritis? Methods Fifty-nine TKAs were performed at our institution between 1985 and 2014 in 59 patients (36 men, 23 women; mean age, 53 years) with a history of previous multiligament knee surgery (C two ligaments). Of those, we had followup for 39 (66%), 18 (31%), and six (10%) patients at 5, 10, and 15 years, respectively; mean followup was 5.4 years (range, 1-25 years). A two-to-one matched control group consisting of patients undergoing primary TKA for the diagnosis of osteoarthritis was selected for comparison. Patients were matched based on gender, age at primary TKA (within 5 years), and date of the TKA (within 5 years). Medical records were reviewed for survivorship, TKA design, complications (reoperation, revision, infection, manipulation under anesthesia, and periprosthetic joint infection), TKA design, and clinical outcomes (Knee Society Scores [KSS], Knee Society Function Score [KSS-F] 
function compared with similar patients receiving TKA for primary osteoarthritis? Methods Fifty-nine TKAs were performed at our institution between 1985 and 2014 in 59 patients (36 men, 23 women; mean age, 53 years) with a history of previous multiligament knee surgery (C two ligaments). Of those, we had followup for 39 (66%), 18 (31%), and six (10%) patients at 5, 10, and 15 years, respectively; mean followup was 5.4 years (range, 1-25 years). A two-to-one matched control group consisting of patients undergoing primary TKA for the diagnosis of osteoarthritis was selected for comparison. Patients were matched based on gender, age at primary TKA (within 5 years), and date of the TKA (within 5 years). Medical records were reviewed for survivorship, TKA design, complications (reoperation, revision, infection, manipulation under anesthesia, and periprosthetic joint infection), TKA design, and clinical outcomes (Knee Society Scores [KSS] , Knee Society Function Score [ 
KSS-F]).
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(4/59 [7%] vs 1/118 [\1%)], respectively; p = 0.04). There was no difference in the KSS improvement after TKA between the multiligament group and the control group (34 ± 18 vs 28 ± 15; p = 0.088). The final KSS and KSS-F scores likewise showed no difference between those groups (88 ± 13 vs 85 ± 10; p = 0.232) (85 ± 17 vs 84 ± 14; p = 0.75). Conclusions A history of multiligament surgery is associated with lower long-term survivorship, higher use of constrained TKA designs, and higher risk of major complications, including reoperation and infection. Further research is necessary to determine if a particular multiligamentous surgical technique can prevent posttraumatic arthritis and TKA complications. Level of Evidence Level III, therapeutic study.
Introduction
Multiligament knee injuries are rare but severe traumatic events that are challenging for the patient and the surgeon. Neurovascular compromise and joint stability are of primary initial concern [11, 22-24, 40, 51-53] , but the development of posttraumatic arthritis can lead to longterm disability [9, 55, 56] . Ligament disruption often is associated with meniscus, articular cartilage, and subchondral bone injuries. The initial damage in combination with altered knee kinematics can result in accelerated degenerative changes [3, 4, 6, 10, 13, 15, 16, 25-27, 33, 35, 37, 39, 45, 55] . Kaeding et al. [15] identified frequent meniscal tears and chondral injuries in their patients at the time of multiligament knee reconstruction along with increased meniscal tears and joint degeneration with time. Krych et al. [17] reported chondral or meniscus injuries in more than 75% of patients undergoing multiligament reconstruction after knee dislocation. As a result, patients with a history of knee ligament reconstruction often undergo TKA at a younger age [4] . Leroux et al. [21] showed that previous ACL reconstruction (singleligament knee injury) was associated with a sevenfold increase in TKA when compared with the general population. Fanelli et al. [12] reported a 7% incidence of TKA at 10-year followup in patients treated surgically for knee dislocation.
Arthroplasty after multiligamentous knee injury has increased surgical complexity owing to altered joint kinematics, retained hardware, loss of bone stock, and scarring from prior surgical intervention resulting in a potential increased risk of TKA failure and major postoperative complications. Whether these issues decrease implant survival or increase the risk of complications after TKA is not known.
We therefore performed a retrospective case-control study in which we asked: Is multiligament knee surgery before TKA associated with (1) worse implant survival, (2) increased use of design constraint, (3) a greater risk for major complications, and (4) poorer scores for pain and function compared with scores for similar patients receiving TKA for primary osteoarthritis?
Patients and Methods
All patients undergoing TKA between 1985 and 2014 with a history of reconstruction or repair of two or more knee ligaments were identified from our institution's arthroplasty registry after institutional review board approval. Three hundred eighty-nine (2%) of the 17,482 patients undergoing primary TKA in our registry were found to have a history of any knee ligament surgery. Three hundred thirty patients with previous single-knee ligament surgery were excluded from the study. The remaining 59 (0.3%) patients comprised the multiligament study group. The cohort included 36 men (61%) and 23 women (39%) with a mean age at the time of arthroplasty of 53 years (range, 36-79 years), and a mean BMI of 31 kg/ m 2 (range, 21-49 kg/m 2 ) ( Table 1) . A majority of these patients underwent surgery on the ACL and medial collateral ligament (MCL), ACL, posterior cruciate ligament (PCL), and MCL, or the ACL and PCL structures ( Table 2 ). Of those, we had followup for 39 (66%), 18 (31%), and six (10%) patients at 5, 10, and 15 years, respectively; mean followup was 5 years (range, 1-25 years). We paired patients in the multiligament surgery cohort to a matched osteoarthritis control group using the same arthroplasty registry database. Patients undergoing primary TKA for osteoarthritis were matched in a two-toone fashion (control: cohort) to the study patients according to: age at TKA (within 5 years), gender, and date of the primary TKA (within 5 years). Patients with prior knee ligament surgery were excluded from the control cohort. A total of 436 potential matches were identified using our institutional joint registry database based on these criteria. Of these, 94 (22%) were lost to followup before 2 years and were excluded. During the matching process, patients with 2 or more years followup and closest chronologic age to the study patient were selected in the event of multiple potential matches. We identified a control group of 118 patients (72 males, 46 females) with a mean age at the time of TKA of 54 years (range, 34-81 years) and BMI of 33 kg/ m 2 (range, 18-58 kg/m 2 ) ( Table 1) . Of those, followup was available for 81 (69%), 58 (49%), and 17 (14%) patients at 5, 10, and 15 years, respectively; the mean followup in the control group was 5 years (range, 2-22 years) ( Table 1) .
Patient gender, age at the time of TKA, date of primary or revision TKA, BMI, incidence of reoperation (manipulation, irrigation and débridement, revision surgery), level of TKA design constraint (PCL-substituting, varus-valgus constrained implants, hinged implants), incidence of infection and pre-and postoperative Knee Society Score (KSS) and Knee Society Function Score (KSS-F) were recorded. Individual patient registry data were crosschecked with the medical record to ensure validity. Operative reports and clinical notes were reviewed to determine the outcome parameters. Duration of followup was determined based on the most recent clinical appointment and/or availability of the TKA analysis questionnaire.
Increased TKA design constraint (varus-valgus constrained) was used at the discretion of the primary surgeon for patients with medial and lateral collateral ligament deficiency or irreconcilable flexion-extension mismatch not addressable with standard PCL-substituting implants Patients were evaluated at either a return appointment or by telephone for postoperative ROM. Manipulation under anesthesia was performed if they were found to have less than 90°knee flexion between 6 and 10 weeks postoperative.
Pre-and postoperative KSS pain and function scores were longitudinally maintained and retrospectively reviewed. Preoperative KSS and KSS-F were available for 34 patients (58%) in the multiligament cohort and 60 patients (51%) in the matched cohort. Postoperative KSS and KSS-F were available for 53 patients (95%) in the multiligament cohort and 105 patients (89%) in the matched control group (Table 3 ). The most recent postoperative KSS and KSS-F available for each patient were used when available regardless of the revision or reoperation history. The multiligamentous repair or reconstructions were performed at various institutions including our institution. Multiligament surgeries that were done at our institution were performed by fellowship trained sports medicine physicians. All TKAs in the multiligament and matched control cohorts were performed by various surgeons at our institution using numerous TKA prosthesis designs. All surgeons were either fellowship trained in adult reconstruction or perform more than 60 TKAs per year. Our primary study comparison was 15-year cumulative revision-free TKA survivorship.
Statistical Analysis
All outcomes were analyzed using applicable summary statistics. Baseline variables and outcomes were compared using chi-square and Fisher's exact tests (categorical variables), and two-sample paired t-tests (continuous (Fig. 1) . Eight revision arthroplasties in the multiligament group were performed at an average of 7.5 years after primary TKA (8/59; 14%; range, 2-18 years). In total, five patients had revision surgery because of instability, two for infection, and one for aseptic loosening. Two revision procedures were performed in the matched control group, both for aseptic loosening (2/118; 2%). There was a higher rate of revision arthroplasty in the multiligament cohort compared with the matched control group (OR, 9; 95% CI, 2-44; p = 0.006) ( Table 4) .
Constraint
Fifteen percent (9/59) of the patients in the multiligament cohort received a varus-valgus constraint prosthesis at the index arthroplasty; this was higher than the control group (0/118; 0%; OR, 45; 95% CI, 3-781; p = 0.009). A varusvalgus constraint prosthesis was used for only one patient in the matched control group at revision arthroplasty (1/11; 1%). Ultimately, 25% (15/59) of patients in the multiligament cohort received a TKA with an increased design Fig. 1 The Kaplan-Meier survival curve shows there is a decrease in revision-free implant survival in patients with a history of multiligament knee surgery at 15 years after TKA compared with those with a primary diagnosis of knee osteoarthritis (p \ 0.05). Table 4 ). Ten percent of the patients in the multiligament cohort (6/59) underwent knee manipulation for postoperative arthrofibrosis or stiffness. Compared with four patients in the matched control group there was no difference in rate of manipulation under anesthesia between the two groups (6/59 (10%) vs 4/118 (3%); OR, 3; 95% CI, 0.9-12; p = 0.079) ( Table 4) (Table 3) .
Discussion
Knee dislocation and multiligament knee trauma are events that predispose patients to the development of posttraumatic arthritis and the potential need for TKA. Arthroplasty in such patients has increased surgical complexity owing to compromised soft tissues, retained hardware, and distorted anatomy or kinematics (Fig. 2) . Consequently, this requires thoughtful decision making at the time of knee arthroplasty that is distinct from TKA for degenerative osteoarthritis. The goal of our study was to retrospectively evaluate implant survival, complication rate, and long term-outcomes of knee arthroplasty in this high-risk population. Our results showed that TKA in patients with a prior history of multiligament surgery has decreased long-term implant survival, increased the risk of revision or reoperation, resulted in more-frequent need for a constrained prosthetic design (varus-valgus constraint), and increased the rate of infection compared with results for patients undergoing primary knee arthroplasty for osteoarthritis. The results of our study should be evaluated in light of several limitations. Patient data were longitudinally collected, but the information was retrospectively reviewed only for patients who had available data at individual times (5, 10, or 15 years). This may introduce transfer bias as patients lost to followup may have a more-negative outcome. However, the percentages of patients available at 5, 10, and 15 years in the multiligament and control cohorts were similar, which lessens this phenomenon in a comparison study. Preoperative KSS and KSS-F scores were available for only 58% of the multiligament patients and 51% of the controls; furthermore, attrition of KSS and KSS-F score reporting in the study patients as a function of time limited our ability to formulate concrete estimates of patient-reported outcomes after TKA. In addition, the TKAs in our analysis were performed by multiple surgeons using numerous prosthesis designs. Selection bias can result from variations in surgical technique and patient care decision-making affecting patient outcomes. Patient matching for additional factors, such as BMI, ROM, and joint deformity would be ideal, but the relatively small number of available patients precluded matching of all relevant variables. We did match patients to controls on the basis of age, gender, and date of the TKA in an attempt to account for some of the potential variability. For example, patients were matched according to TKA date (within 5 years) in an attempt to limit bias related to procedural technique and evolution of TKA implant design. In addition, all TKAs were performed by high-volume arthroplasty surgeons at our institution, thus reducing technical bias based on surgeon variation. The multiligament repair and reconstruction procedures were performed at multiple institutions including our institution, using diverse surgical techniques which may confound our results; this fact certainly limited the amount of information we had available regarding the index ligamentreconstruction procedures. Finally, many providers were involved in data collection spanning the course of several decades. Assessment bias could artificially overestimate treatment effect as recording the KSS and KSS-F was performed by providers who were directly involved in patient care.
TKA after multiligament knee reconstruction surgery results in poorer cumulative long-term revision-free implant survival compared with TKA for primary knee arthrosis (42% and 94%, respectively) (Fig. 1) . We also observed a difference in revision-free survival at 5-years after TKA, coinciding with early failures in the study group (two with infections, one with instability). Existing studies that examined survival of TKA after previous knee surgery are limited and conflicting [32, 42, 43, 46] . This is the first study, to our knowledge, that directly examines TKA after multiligament surgery. The explanation for our findings is multifaceted, but inferior survival in the study cohort was largely influenced by instability (5/8) and infection (2/8). Le et al. [20] showed infection and instability to be the most-common causes for late failure after primary TKA. Four of the eight patients in the multiligament cohort who underwent revision arthroplasty did so between 10 and 15 years after the index arthroplasty. More importantly, three of these four revisions were performed for knee instability. The nature of these late failures is noteworthy given the inherent risk of instability after multiligament knee injury and surgery. This young, active patient population with a mean age of 53 years at the time of arthroplasty has a notable risk for TKA failure 10 years after primary arthroplasty.
We found that patients with prior multiligament knee surgery were more likely to receive a varus-valgus constrained device at their index TKA than patients undergoing TKA for osteoarthritis. This finding is likely explained by the ligament and bone deficiencies resulting from prior multiligament trauma and surgery. Increased prosthetic constraint in knee arthroplasty imparts greater forces on the implants, theoretically contributing to component loosening and failure [5, 8, 31, 47] . However, some studies have reported excellent survivorship of varus-valgus constrained implants in primary and revision TKAs at intermediate followup [1, 18, 19, 30, 41] . The long-term survivorship of these implants is unknown and none of these studies exclusively involved patients with posttraumatic arthritis or prior ligamentous surgery. Not surprisingly, six of eight patients in the multiligament cohort undergoing revision arthroplasty required constrained component designs (four received varus-valgus constrained and two received hinged prostheses). A hinged prosthesis at revision arthroplasty was used in two patients secondary to severe bone loss and severe ligamentous deficiency. Surgeons can be better equipped with this knowledge at the time of primary (or revision) TKA to address intraoperative knee instability by using prostheses with increased levels of constraint.
Complications were far more common among patients undergoing TKA after multiligament knee surgery than among patients undergoing TKA for osteoarthritis. These findings are dissimilar from what has been reported after TKA in patients with a history of ACL reconstruction. Hoxie et al. [13] found no deleterious effects of prior ACL reconstruction on TKA regarding infection, knee motion, or revision arthroplasty. A majority of the revision procedures in the multiligament cohort resulted from TKA instability (5/8). In contrast, Sharkey et al. [49] found that instability accounted for only 8% of all revision TKAs. Ligamentous insufficiency resulting in TKA instability in our patients was likely attributable to prior multiligament injury, regardless of prior ligament reconstruction or repair.
We discovered an increased rate of infection in the multiligament cohort compared with the osteoarthritis cohort. Previous studies have shown a higher risk of infection in patients undergoing TKA after prior knee surgery [2, 38] or posttraumatic arthritis [14, 34] . The causality behind our findings is likely multifactorial including retained hardware, poor soft tissue integrity, and increased surgical dissection because of prior surgery. Patients with multiligament injuries are also at increased risk for arthrofibrosis as a result of prior trauma and surgery [28, 29, 44, 54] . While nearly 10% of patients in the multiligament cohort underwent manipulation under anesthesia for postoperative stiffness, there was no difference in comparison to the matched controls. A potential explanation for this is that the study patients were a young motivated patient population (mean age, 53 years) that was better able to achieve rehabilitation and obtain postoperative knee motion. Several studies have examined knee stiffness after multiligamentous injuries and/or traumatic knee dislocation. Noyes et al. [36] reported a 23% incidence of knee stiffness in patients undergoing ACL reconstruction and medial collateral ligament repair. Cook et al. [7] reported a 15% incidence of manipulation under anesthesia and/or arthroscopic lysis of adhesions after multiligament knee surgery. Other studies have shown even higher rates of knee stiffness in patients after traumatic knee dislocations (30%-57%) [36, 48, 50] .
Interestingly, despite these complications, KSS and improvement in KSS were not different between our study groups. Similarities between the two study populations as a result of matching criteria likely played a role in this outcome. In addition, loss to followup and incomplete data in both study groups introduced the possibility of type II error. Delta KSS and KSS-F scores were tabulated using the most recent followup score available (after TKA or postrevision TKA). Assuming that patients who underwent revision surgery were likely to have lower scores at followup; the higher rate of revision TKA in the multiligament cohort may have negatively influenced the KSS and KSS-F values in this cohort, thus hindering our ability to find a difference between the two groups. Another study examining TKA after ACL reconstruction also did not show a difference in postoperative knee scores compared with those of patients without prior knee surgery [13] .
Patients undergoing TKA who have a history of multiligament surgery can expect decreased implant survival, increased risk of revision and reoperation, increased use of prosthesis constraint at index arthroplasty, and a higher rate of infection compared with patients undergoing TKA for osteoarthritis. These findings highlight the importance of clinicians to closely follow this high risk patient population at short-and long-term followup. Additionally, with this knowledge, surgeons might wish to be prepared to use a TKA prosthesis design with increased constraint at the primary TKA. Further research is necessary to determine if a particular multiligamentous surgical technique can prevent posttraumatic arthritis and complications.
